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Abstract

BACKGROUND: Studies have shown a direct relationship between increased dietary sodium intake and chronic diseases such as
hypertension, cardiovascular disease and osteoporosis. Potassium chloride is the most widely used salt substitute for sodium
chloride in different processed foods. Akkawi cheese, commonly consumed as fresh cheese, has a semi-hard curd, chalky color,
firm texture and salty flavor. The effect of partial replacement of NaCl with KCl on the chemical, textural, microbiological and
sensory characteristics of fresh and mature Akkawi cheese was investigated.

RESULTS: Salt treatment (NaCl reduction) had a significant effect on pH, lactic acid, sodium and potassium contents of cheeses.
Texture profile analysis revealed a significant effect of salt treatment on adhesiveness, chewiness and hardness of cheese. All
tested microorganisms increased with storage but in general did not differ between salt treatments, specifically between control
(100% NaCl) and (70% NacCl, 30% KCI) samples. Descriptive analysis showed that salt treatment had a significant effect on
bitterness, crumbliness and hardness, whereas the age of cheese was significant for color and fermented flavor. Salt treatment

had no effect on acceptability variables for all experimental 2-week Akkawi samples.

CONCLUSION: The above results suggest that a 30% substitution of NaCl by KCl (70% NacCl, 30% KCl brine) is acceptable.
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INTRODUCTION

White brined cheeses are widely consumed in the Eastern Mediter-
ranean and neighboring countries.” Akkawi cheese originated in
the Levantine city of Acre and is widely produced and consumed
in Lebanon, Syria, and Cyprus.2 Akkawi cheese is commonly con-
sumed as fresh cheese. Traditionally, it is made from pasteurized
sheep’s, goat’s, cow’s, or buffalo’s milk, depending on availability,
and is characterized by having a semi-hard curd, a white chalky
color, a firm texture and a salty flavor.23 NaCl is an essential com-
ponent of brined cheeses including Akkawi; it enhances taste and
firmness, decreases bitterness and water activity, and contributes
to its preservation.>~° In addition, NaCl has a major effect on
cheese composition, microbial growth, enzymatic activities and
biochemical changes.” Storage of Akkawi cheese in brine solution
is a critical step for preserving its quality and for safety.

However, several studies have shown a direct relationship
between increased dietary salt (sodium) intake and hypertension,
cardiovascular disease, osteoporosis and kidney stone formation.®
Therefore, the reduction of sodium intake is a major public health
concern to be addressed worldwide. The recommended maximum
daily intake of 2.3 g sodium?® is exceeded in most populations due
to increased consumption of processed foods, which have been
estimated to contribute to approximately 75-80% of the total
sodium intake.”® Many studies have shown that dairy products,

specifically cheeses, contribute by a perceptible amount to daily
sodium dietary intake.” However, a decrease in NaCl content in
cheese without replacing it with another salt adversely affects
cheese quality.”

Potassium chloride is the most widely used salt substitute to
reduce the levels of sodium chloride in different processed foods."?
Increasing the potassium intake by 30-45 mmol d=', out of the
120 mmol recommended intake versus the current 72 mmol US
average intake,'® results in numerous health benefits, including
the prevention of renal diseases, reduction of blood pressure, uri-
nary calcium excretion, kidney stone formation, osteoporosis, dia-
betes and decreasing mortality from cardiovascular diseases.'
Several studies have shown that partial or complete replacement
of sodium by potassium in cheeses is successfully achievable, in
terms of sensory and physical properties, as has been reported
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for cottage cheese,'® Feta cheese,'® Greek Kefalograviera cheese.'”
white salted cheese,'® white pickled cheese,' Cheddar cheese,?®
Minas fresh cheese,?' Mozzarella cheese,?? Nabulsi cheese? and
Halloumi cheese.?*?> However, there has only been one recent
study investigating the effect of NaCl replacement with KCl on the
physicochemical, microbiological and sensory characteristics of
Akkawi cheese.?® Despite the comprehensive and thorough nature
of this latter study, especially with respect to chemical, physical
and microbiological assessments, it lasted for only 30 days, and did
not include either hedonic testing or a full-fledged quantitative
sensory descriptive analysis, but rather relied on intensity mea-
surements of five descriptors. Also, the microbiological focus in the
previous work?® was on the survival of probiotic and lactic acid
bacteria rather than the growth of spoilage microorganisms. In
addition, previous work on partial substitution with KCl in ripened
cheeses, which are significantly more flavorful than ripened white
cheeses, or even in Halloumi cheese, which is a white ripened
cheese with a totally different rubbery texture, may not shed light
on the outcome of this substitution in Akkawi cheese. Accordingly,
the objective of this study was to determine the effect of partial
NaCl substitution with KCl, in Akkawi cheese (stored in 100 g kg™
brine/total salt content), on the physicochemical, microbiological
and sensory properties of the product.

MATERIALS AND METHODS

Cheese production

The cheeses were produced from cow’s milk as described by Kam-
leh etal. (2012),% with one minor difference: pressing the curd
pieces in hoops at 300 KPa for 30 min to allow maximum separa-
tion from the whey. Rectangular blocks (10cm x5 cm x 3 cm) of
pressed curd were placed in plastic containers and covered with
different pasteurized brines (100 g kg™ salt w/w tap water): brine
A (100% NacCl), brine B (70% NaCl; 30% KCl) and brine C (50% NaCl;
50% KClI). Preliminary taste tests were conducted to select NaCl
replacement levels that did not impart noticeable and excessive
bitterness to the cheese. The selected 100 g kg™' salt level is close
to the levels used in commercial production of Akkawi cheese
(100-120gkg~" salt w/w brine). Samples placed in the different
brine solutions were produced in one batch on the same day. The
cheese blocks were stored for 8 weeks at 4 + 1 °Cin the three differ-
ent brine solutions. The fresh samples in this work, as reported in
the textand tables, correspond to samples that had been stored for
48 h in the three corresponding brines. This was applied to allow
for transfer of salts to the cheese blocks before any of the analyses
below were conducted.

Chemical analysis

Chemical analyses for cheese samples were conducted for fat,
protein, moisture, lactic acid, cheese pH, sodium and potassium
as described in Kamleh et al?” All chemical determinations were
performed in triplicate.

Instrumental texture analysis

Texture profile analysis (TPA) was conducted using a QTS25 tex-
ture analyzer (Brookfield Engineering Labs, Middleboro, MA, USA)
as described in Kamleh et al.?” The test parameters included adhe-
siveness, chewiness, cohesiveness, hardness and springiness.

Microbiological analysis

Counts of total bacteria, lactic acid bacteria, total coliforms, psy-
chrophilic bacteria and yeasts and molds were conducted accord-
ing to standard procedures® and as described in Kamleh et al.?’

Moreover, total coliforms were enumerated by pour plate tech-
nique using Violet Red Bile Agar and incubating at 35+ 1°C for
24 h. All microbiological analyses were performed in duplicate.

Descriptive analysis

Nine judges (two males and seven females, mean age =26,
range =20-50) were selected according to their willingness to
participate in the study and their regular consumption of Akkawi
cheese. Descriptive analysis was conducted as described for
Halloumi cheese by Kamleh etal?’” based on the quantitative
descriptive analysis (QDA) approach. Table 1 summarizes the final
list of 11 selected attributes with their definitions, anchor words
and standards used. The panelists attended a total of 10 evaluation
sessions conducted over a period of 5 days. On each test day (fresh,
2,4, 6 and 8 weeks), they performed two evaluations (one morning
and one afternoon) at least 1 h after their last meal. The samples
were assessed in duplicate evaluations (at every time period),
with all three samples (three salt treatments) served within each
replicate for a total of six samples per day (3 salt treatments x 2
replicates). The sensory evaluation was performed by rating the
intensity of the different attributes on a 15 cm line scale anchored
at 1 cm from the ends with the relevant descriptors (Table 1).2°30
Akkawi samples that were stored in brine C (50% NaCl; 50% KCl)
were assessed fresh and only after 2 weeks of aging, due to appar-
ent changes in their structure and the formation of a slimy layer
on the top at week 4 of maturation, which was attributed to mold
growth as discussed in the microbiological section of the results
and discussion. Akkawi samples stored in brines A (100% NaCl)
and B (70% NaCl; 30% KCIl) were assessed fresh and after 2, 4, 6
and 8 weeks of aging. Accordingly, the reported results at all ages
are for A and B samples only.

Hedonic evaluation

A consumer acceptability test was performed only on fresh cheese
samples (at week 0) after 48h of storage in the three corre-
sponding brines. This test was conducted with 72 panelists (mean
age=243, range=19-57, SD=8.1) in a similar manner to the
hedonic test of Kamleh et al.?’” The panelists were asked to taste
the three fresh samples in the order indicated, which was counter-
balanced as described in Kamleh et al.?” and to rate the samples
for appearance, flavor, texture and overall acceptability using the
9-point hedonic scale.?'

Statistical analysis

The GLM procedure of SAS® (version 9.02, SAS Institute Inc., Cary,
NC, USA) was used to perform analysis of variance in a similar
manner to the Halloumi work by Kamleh etal.?’ The factors in
the model included: salt treatment (brine A (100% NacCl), brine
B (70% NaCl; 30% KCl) and brine C (50% NaCl; 50% KCl)), age
of the cheese (0, 2, 4, 6 and 8 weeks), panelist, replicate and
their two-way interactions. Tukey’s honestly significant difference
(HSD) test was used to separate significant means for the sensory
analyses. Significance was established at P < 0.05. In each part of
the results and discussion section (chemical analyses, descriptive
analysis, etc.), the first part summarizes the significant effects
(P-values) of the main factors and their interactions but these
results are not reported in tables. Mean comparisons are then
discussed in the text and reported in Tables 2, 3 and 4 as well as
Figs 1 and 2. This was done to save on space/redundancy and
minimize the number of tables.
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Table 1. Terms used in descriptive analysis of Akkawi cheese

Attribute

Definition as worded on score sheet

Anchor words (low-high)

Fermented odor

and chewing it three times
Aftertaste elicited by table salt
Aftertaste elicited by caffeine

Salty aftertaste
Bitter aftertaste

Color Color of the cheese ranging from chalky white to light ivory
Fermented odor of Light Pitas Halloumi?

Milky odor Odor of heavy creamP

Saltiness Taste elicited by table salt

Fermented flavor Fermented flavor of Light Pitas Halloumi®

Milky flavor Flavor of heavy creamP

Bitterness Taste elicited by caffeine

Hardness Force necessary to cut a cube of an Akkawi cheese sample with a
metal fork at a 90° angle

Crumbliness

Amount of fracturability of cheese sample after biting it using molars

Chalky white-Light ivory
Not at all-Very
Not at all-Very
Not at all-Very
Not at all-Very
Not at all-Very
Not at all-Very
Soft-Hard

Cohesive mass-Crumbly

Not at all-Very
Not at all-Very

2 Light Pitas Halloumi, Nicosia, Cyprus.

b Skim milk (Dairy Day, Bekaa, Lebanon) versus heavy cream (Elle et Vire, France).

of cheese interaction (ST x AC)

Table2. Leastsquares means of the chemical properties of Akkawi samples (moisture, pH, lactic acid, sodium and potassium) for Salt treatment x Age

Salttreatment? Age (weekP) Moisture Fat® Protein® pH Lactic acid Sodium Potassium
A 0 61.03ab 19.50 15.74 6.49ab 0.19%e 667a 15h
B 0 57.20ab 20.25 15.25 6.52ab 0.20de 472bcd 112ef
C 0 54.33b 19.48 15.39 6.52ab 0.23de 196ef 149 cd
Pooled SD +2.18 +1.10 +0.34 +0.03 +0.02 +45 +12
A 2 60.59ab NDd ND 6.51ab 0.22de 603ab 22h
B 2 58.30ab ND ND 6.59ab 0.21de 519abc 122def
C 2 57.64ab ND ND 6.57ab 0.25de 258ef 138cde
Pooled SD +1.80 +0.03 +0.02 +5 +6
A 4 59.97ab 25.25 15.79 6.56ab 0.19de 483bcd 769
B 4 58.83ab 25.49 16.16 6.65a 0.23de 315def 108f
C 4 61.87a 26.30 15.16 6.24c 0.36¢ 186f 177ab
Pooled SD +1.83 +1.51 +0.25 +0.03 +0.01 +13 +6
A 6 56.63ab ND ND 6.21¢c 0.32d 488abcd 759
B 6 58.37ab ND ND 6.43b 0.27d 371cde 119ef
C 6 59.63ab ND ND 5.90d 0.53b 166f 153bc
Pooled SD +1.20 +0.06 +0.02 +16 +5
A 8 57.97ab 25.18 14.75 5.85de 0.51b 514abc 719
B 8 56.43ab 25.35 15.38 6.25¢ 0.34cd 445bcd 157abc
C 8 58.33ab 25.74 14.70 5.71e 0.75a 309def 183a
Pooled SD +0.90 +0.90 +0.79 +0.05 +0.04 +75 +9

8-week period.
d ND, not determined.

For each variable (column), means within a salt treatment or age of cheese (row) with different letters are significantly different (P < 0.05).

a Salt treatment: A, 100% NaCl (control); B, 70% NaCl, 30% KCI; C, 50% NaCl, 50% KClI.

b Week 0 corresponds to 48 h of storage in corresponding brine solution.

¢ Fat and protein were only determined at three times given the expectation that is based on previous studies of lack of any major changes with an

RESULTS

Chemical analysis

Table 2 summarizes the least squares means of the chemical
analyses. Salt treatment (brine solution) had a significant effect
(P<0.001) on pH, lactic acid, sodium and potassium content of
the cheese. In addition, age of the cheese had a significant effect
on fat content, pH, lactic acid (P < 0.001), potassium and sodium
content (P <0.01) of cheese samples. As expected from the study
design, sodium content of the cheese was significantly lower in

samples stored in NaCl/KCl brines than in samples stored in pure
NaCl brine (treatment A; Table 2). The opposite was true for the
potassium content of cheeses. In general, a significant decrease
in the sodium content was observed in Akkawi samples aged for
4 and 6 weeks in comparison to fresh samples and those aged
for 2 weeks; however, sodium content increased significantly at
week 8. Sodium content of cheeses did not differ significantly upon
storage for each of treatments B and C; however, for treatment
A, sodium decreased significantly at week 4 of maturation when

wileyonlinelibrary.com/jsfa
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Table 3. Least squares means of the textural properties of Akkawi samples (adhesiveness, chewiness, cohesiveness and hardness) for significant Salt
treatment X Age of cheese interactions (ST x AC)

Salt treatment? Age (weekP) Adhesiveness Chewiness Cohesiveness Hardness Springiness
A 0 —3.78ab 828abcd 0.840a 395bcde 235
B 0 —12.35f 1034ab 0.830ab 503abc 248
C 0 —10.64def 545bcdef 0.836ab 277cdef 2.50
Pooled SD +1.22 +27 +0.02 +12 +0.05
A 2 —7.17bcde 707abcdef 0.826ab 352bcdef 2.28
B 2 —10.86def 921abc 0.830ab 442abcd 2.51
C 2 —10.50def 471cdef 0.843a 245cdef 244
Pooled SD +1.11 +63 +0.01 +28 +0.10
A 4 —9.57cdef 916abcd 0.820ab 451abcd 2.50
B 4 —1.60a 570bcdef 0.846a 294bcdef 2.29
C 4 —11.58ef 746abcde 0.813ab 366bcdef 247
Pooled SD +0.51 +122 +0.01 +53 +0.05
A 6 —5.36abc 789abcde 0.793abc 457abcd 2.00
B 6 —3.32ab 1183a 0.773bcd 701a 2.14
C 6 —5.02abc 256ef 0.796abc 156ef 2.18
Pooled SD +1.00 +254 +0.02 +123 +0.15
A 8 —0.72a 170f 0.747 cd 124f 2.18
B 8 —1.77a 844abcd 0.713d 559ab 2.10
C 8 —6.62bcd 362def 0.813ab 203def 1.80
Pooled SD +2.01 +126 +0.04 +70 +0.24
For each variable (column), means within a salt treatment or age of cheese (row) with different letters are significantly different (P < 0.05).
a Salt treatment: A, 100% NaCl (control); B, 70% NaCl, 30% KCI; C, 50% NaCl, 50% KClI.
b Week 0 corresponds to 48 h of storage in corresponding brine solution.

Table 4. Least squares means of descriptive analysis attributes of treatment C (50% NaCl; 50% KCI) than it was for treatcments A
Akkawi samples (rated on a 15cm line scale) for different salt treat- (control: 100% NaCl) and B (70% NaCl; 30% KCl) starting week
ments and ages 4. pH did not significantly differ within the same treatment until
week 4 for treatment C, week 6 for treatment A and week 8 for
Salt treatment® Age of cheese (week®) treatment B. The opposite trend was true for lactic acid, which was
Attribute A B 0 2 4 6 8 significantly higher in treatment C after 4 weeks. Moreover, there
was a significant progressive increase in lactic acid content from
Color 7.05 7.55 539c 7.41b 6.96b 8.92a 7.81ab week 0 to week 8 for all the treatments.
Fermented odor 5.60 578 498 6.14 494 7.15 523
Milky odor 5.37 6.27 6.20 6.16 563 541 567 A
Saltiness 874 836 861 921 853 811 827 Instrumental texture analysis
Bitterness 410b 5192 426 549 430 483 432 Table 3 summarizes the least squares means of the texture analy-
Fermented flavor 490 542 451b 5.28b 463b 7.21a 4.16b ses. Salt treatment had a significant effect on adhesiveness, chewi-
Milky flavor 499 522 551 500 513 418 573 ness, hardness (P <0.001) and cohesiveness (P <0.05). The age
Hardness 564b 620a 573 573 590 674 551 of the cheese had a significant effect on adhesiveness, cohesive-
Crumbliness 633b 7.11a 731 632 7.9 648 631 ness and springiness (P < 0.001), chewiness (P <0.01) and hard-
Salty aftertaste 661 653 672 669 673 628 642 ness (P <0.05). A significant salt treatment X age interaction was
Bitter aftertaste  4.01 452 367 484 434 432 415 found for adhesiveness, hardness (P <0.001), cohesiveness and
chewiness (P < 0.05). Adhesiveness of Akkawi samples decreased
Z!?fans Wilthi” asalt tfeaF;”e”tlorda}?fe of Ch;—‘ese and within a row with significantly with storage, in particular after week 6 of maturation.
a ISaTtr?(:gafr:::'t::r/‘i,si%gi%cl?lgély(c;ninrz?)f é ;0&)0’320, 30% KCI. Similarly, all the other physical parameters decreased upon stor-
bweek 0 corresponds to 48h of storage in corresponding brine age: after week 8 of maturation for chewiness and hardness, and
solution. after week 6 of maturation for cohesiveness. In general, there were

no significant differences between treatments at the same age
period with the exception of adhesiveness of fresh samples, which
was the lowest for brine A samples; and chewiness and hardness
at week 8 of maturation, where the value decreased significantly
for brine A cheeses as compared to brine B cheeses.

compared with fresh samples. Potassium increased significantly
in cheeses stored in brine A after week 4 of maturation, whereas
in cheeses stored in brines B and C it increased after 8 weeks of
storage for B and after 4 weeks for C. In general, salt treatment
had no significant effect on moisture, protein and fat contentand  Microbiological analysis

no significant differences were observed in moisture and protein  Counts of total bacteria, psychrophilic bacteria, lactic acid bacteria,
content during storage. pH of cheeses was significantly lower for  total coliforms and yeasts and molds in Akkawi cheese samples
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Figure 1. Microbial count of psychrophilic (Psychro), total bacteria (TBC), lactic acid bacteria (LAB), total coliforms (TC) and yeasts and molds (YM) for
Akkawi samples for different salt treatments aged for 8 weeks. Salt treatments: A, 100% NaCl (control); B, 70% NaCl, 30% KCl; C, 50% NaCl, 50% KCl.

stored for 8 weeks and in the three different salt treatments are
summarized in Fig. 1. All the observed microorganisms increased
significantly (P < 0.05) in the control sample (A) and in the other
two experimental samples (B and C). Counts of psychrophilic
bacteria reached 6.6° log10 CFU g~', 6.7° log10 CFU g~' and 7.0°
log10 CFU g~ in treatments A, B and C, respectively, after 8 weeks
of storage (Fig. 1). Psychrophilic bacteria were slightly higher in
cheeses brined in solution C. At week 8, the total bacterial count
(TBC) reached 5.8 log10 CFU g~', 5.9° log10 CFU g~' and 7.12
log10 CFU g7, respectively, in cheeses brined in treatments A,
B, and C. TBC differed significantly (P <0.05), after 2, 4, 6 and 8
weeks of storage, between treatment C and treatments A and B.
Total bacterial counts were higher in Akkawi cheeses brined in
treatment C (50% NaCl; 50% KCI). Moreover, salt treatment had a
significant effect on lactic acid bacteria (LAB) growth (Fig. 1). Total
coliforms reached 4.5, 4.7 and 4.8 log CFU g~ in cheeses stored in
treatments A, B and C, respectively, at week 8 (P> 0.05). In general,
they did not differ between the control sample (A) and the other
treatments (B and C), at the same period of storage (Fig. 1). The
substitution of NaCl by KCI did not have a significant effect on
the growth of coliforms. Yeast and mold counts varied significantly

(P < 0.05) among different treatments and at all ages of cheese.
They were higher in treatment C than in treatments A and B.

Descriptive analysis

The results of the analyses of variance for the sensory descriptive
properties and the least square means of all 11 sensory attributes
for treatments A and B (100% NaCl; 70% NaCl, 30% KCl, respec-
tively) and for the five ages of cheese (0, 2, 4, 6, and 8 weeks)
are summarized below and in Table 4, respectively. Crumbliness
and hardness were rated higher for treatment B and differed sig-
nificantly from those of treatment A (Table 4). Bitterness had sig-
nificantly, although slightly, higher ratings for brine B samples,
which is expected given the presence of KCl in those samples
(Table 4). No significant differences (P> 0.05) existed in all other
attributes. Color ratings increased significantly with maturation,
indicating that Akkawi samples were becoming more yellowish
with aging. In addition, cheese samples had a significantly more
intense fermented flavor at week 6 of maturation (Table 4). Salt
treatment X age of cheese interaction was significant for color
(P<0.01) and milky odor (P < 0.05). There were no significant dif-
ferences between the two salt treatments at the same age, except

wileyonlinelibrary.com/jsfa
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Figure 2. Sensory profile of Akkawi samples for different salt treatments aged for 2 weeks. Salt treatments: A, 100% NaCl (control); B, 70% NaCl, 30% KClI;

C, 50% NaCl, 50% KCI. P < 0.05; P < 0.01.

for week 6, where treatment B had significantly higher color rat-
ings, indicating a more yellowish color (10.1 and 7.8, respectively).
In addition, week O, treatment B samples were rated higher than A
samples for milky odor (7.5 and 4.9, respectively). Within the same
salt treatment, treatment A samples aged for 2 weeks had a sig-
nificantly more yellowish color than fresh samples, whereas treat-
ment B samples obtained the highest rating for color at week 6
of maturation. No significant differences were observed for milky
odor within the same treatment with age. There was a significant
panelist effect (P < 0.05 for panelist variable) for all attributes, as is
usually the case, except for color and bitterness. However, no major
contradictions in the panelists’ ratings were obtained, as shown by
the absence of the replicate effect, except for bitterness (P <0.01)
and saltiness (P < 0.05), an indication of the difficulty that panelists
faced in assessing the intensity of these attributes. A significant
age of cheese X replicate interaction was found for bitter aftertaste
(P<0.01). Age of cheese x panelist interaction was significant for
all attributes except for color and bitterness. A significant repli-
cate X panelistinteraction was found for milky flavor (P < 0.05). The
sensory profile of the Akkawi samples for the different salt treat-
ments (A, B and C) aged for 2 weeks, i.e. relatively fresh samples, is
illustrated in Fig. 2. Akkawi samples stored in brine A (100% NaCl)
obtained significantly lower ratings than those stored in brines B
and C for milky odor, bitterness and bitter aftertaste. On the other
hand, saltiness and salty aftertaste ratings were significantly lower
in cheeses stored in brine C than those stored in brine A and B.

Hedonic evaluation

Panelist effect was significant (P <0.001) for all the acceptability
variables (overall/appearance/flavor/texture), whereas salt treat-
ment was not significant for any of the tested acceptability
variables. Despite the absence of significant differences, over-
all acceptability mean (OAM) scores of cheeses stored in brines
A (OAM =6.4) and B (OAM = 6.6) were slightly higher than those
stored in brine C for (OAM = 6.1), and the flavor acceptability mean
(FAM) scores were 6.2, 6.2 and 5.8 for treatments A, B and C,
respectively.

DISCUSSION

Chemical analysis

The decrease in sodium and increase in potassium in NaCl/KCl
samples observed over time in this work was also obtained by
other researchers'®21:222426 \who tested the effect of partial sub-
stitution of sodium chloride with potassium chloride in the pro-
cessing of Akkawi, white salted, Halloumi, Mozzarella and Minas
cheeses. This phenomenon is due to salt diffusion into the cheese
matrix, the electrolyte balance between the cheese matrix and the
surrounding solution and the lower ionic strength for KCI.32 This
phenomenon of electrolyte transfer in reduced-salt brined cheeses
needs to be further assessed.

Ayyash and Shah? also found that the sodium content of Moz-
zarella cheese did not differ during storage within a salt treatment.
The increase in the potassium content in cheeses stored in brine A
during storage is a surprising outcome, since one could expect an
increase in potassium level in treatments B and C as obtained by
Ayyash and Shah?*?% but not for the control (treatment A). How-
ever, the original potassium level in the control sample (A) was
much higher in the Ayyash study than this work (an estimated
125 mg versus 15mg 100g~" cheese, respectively). Interestingly
enough, the potassium levels in the control sample of the two
studies above, which used similar salt substitution levels, equili-
brated at an estimated 66 mg 100 g~ versus 76 mg 100 g™, respec-
tively, after 4 weeks, which is much closer than the starting potas-
sium levels in the cheese for the two studies. Moreover, Ayyash and
Shah?* had found an increase in the potassium levels of the control
Halloumi cheese (NaCl brine only). This increase was from around
15 mg potassium 100 g~' cheese on day 0 to around 35 40 mg (val-
ues estimated from graph) on day 56. The opposite phenomenon
was observed by Ayyash et al.?6 in Akkawi cheese, where the level
of potassium in the control cheese decreased from around 115 mg
potassium 100 g~ of cheese on day 0 to around 55 mg (values esti-
mated from graph) on day 30. A downward and then an upward
trend were noted in Ayyash and Shah?? for the potassium levels
in Mozzarella cheese during a period of 27 days, despite the lack
of significant differences between the different time periods for
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cheese potassium levels. On another front, sodium levels in the
control Mozzarella decreased from around 510 mg 100 g~' cheese
on day 0 to around 420 mg (values estimated from graph) on day
27. This type of phenomenon was true in the sodium levels of
brine A of this work. The above phenomena are influenced by fac-
tors such as the moisture content and its migration to brine, pH of
cheese, salt in moisture levels, proteolysis and casein hydration.

The lack of significant salt effect on moisture, protein and
fat content in this work (Table 2) was obtained by several
studies’®-18:21:23,.2526 \yhere salt treatment had no significant
effect on the chemical composition (mainly moisture, protein and
fat content) of different white pickled cheeses such as Feta, Kefalo-
graviera, Minas, Nabulsi, Halloumi and Akkawi, due to the minimal
effect that the salt substitution has on the above components.
In addition, no significant differences were observed in moisture
and protein content during storage. This trend was also reported
by Ayyash and Shah?? and Reddy and Marth? in Mozzarella and
Cheddar cheeses, respectively.

Karagozlu et al.' reported that acidity of white pickled cheese
increased significantly with decreasing levels of NaCl. However,
opposite results were obtained by Ayyash and Shah,?224%6 who
reported significantly lower pH for cheeses stored in control brine
(100% NaCl) than those stored in brines formed of NaCl and KCI
mixtures, which was attributed to the higher pH of KCl com-
pared to NaCl. On the other hand, Karagézlii etal.’ and Ayyash
and Shah?22% showed that the pH of white pickled cheese, Moz-
zarella cheese and Akkawi cheese decreased during storage, as
obtained in the present study. The decrease in pH of cheese upon
maturation has been linked to increased levels of organic acids
(such as lactic acid) produced by different microorganisms during
storage.?%33

Instrumental texture analysis

Al-Otaibi and Wilbey' and Gomes et al.?' reported that cheeses
salted with NaCl/KCI mixtures were harder than control cheeses
(salted with NaCl alone), similar to findings of this work, and this
is mainly due to the modification in protein hydration caused by
the higher level of potassium. An increase in hardness is typical for
low-fat brined cheeses, as is the case in Halloumi cheese, and is in
general conducive to lower acceptability.?” Al-Otaibi and Wilbey'®
reported no significant effect of salt treatment on the springiness
of white salted cheese as obtained by the current study.

The decrease in hardness and chewiness with time was also
obtained by several authors'®'7:21:2325 who reported a decrease
in cohesiveness and hardness of different white cheeses upon
storage. These changes have been attributed to an increase in
proteolysis with its concomitant weakening of the cheese matrix
and the decrease in calcium content of the cheese, which leads to
a reduction in the cross-linkage between caseins during storage.
Unfortunately, the level of proteolysis was not measured in this
work and thus this possible effect cannot be ascertained.

The lack of significant differences between treatments at the
same age period was obtained by Ayyash and Shah,2 who
reported that no significant difference was observed among
experimental Nabulsi cheeses during most of the storage period,
except for slight differences in the texture parameters between
experimental cheeses at specific sampling times. Similarly, Ayyash
et al.?% stated that, in general, there were no significant differences
among experimental Akkawi cheese at the same storage period for
texture parameters, except for occasional differences in cohesive-
ness and gumminess at certain storage periods (specifically at day

10 and day 30). These occasional differences were attributed to dif-
ferences in cheese loaves and not due to salt treatment. This above
outcome is a positive one given that in general age is the mean
indicator of the textural changes rather than salt treatment despite
the presence of specific significant salt treatment differences.

Microbiological analysis

Theincrease in all microorganisms during storage observed in this
work was also observed in other white brined cheeses.3*3> The psy-
chrophilic counts observed in this study for Akkawi were higher
than those reported for artisanal Turkish white cheese,?* presum-
ably due to differences in processing and brine concentrations.
TBC counts were lower than in other white brined cheeses,3>3¢
although a low brine concentration was used in this work (10%
salt). Similar results were obtained for LAB counts in terms of differ-
ences between brine solutions and lower values than in artisanal
white Turkish cheese3> and in Anevato cheese.?” In addition, total
coliforms were lower than those reported by Oner et al. in artisanal
white Turkish cheese® and in Anevato cheese.’’ It is known that
the quality and acceptability of food products can be affected by
the spoilage and fermentation activity of yeast and molds.3® The
slimy texture of cheese blocks in treatment C, observed after 6
weeks of storage, could be related to the high counts of yeasts and
molds (6.2 log10 CFU g~') and the softer texture of Akkawi cheese
compared to Halloumi.?” As such, the substitution of NaCl by KCI
has an effect on their growth. In addition, yeast and mold counts of
Akkawi cheese stored in different brine solutions were lower than
those reported in Urfa cheese® (traditional Turkish white brined
cheese) but slightly higher than those in traditional Halloumi?’,
Turkish white3® and Greek®” cheeses.

Descriptive analysis

Al-Otaibi and Wilbey'8 reported that white salted cheeses treated
with mixtures of salts (NaCl and KCl) were found to be harder than
cheeses treated with NaCl only. The findings of this work were
also in agreement with the texture profile analysis summarized
above. In addition, Al-Otaibi and Wilbey'® reported no significant
differences between salt treatments for the sensory scores of salty
taste as obtained in the present work. Higher bitterness ratings
for brine B samples were also obtained by Karagézlii et al." and
Gomes et al?! Both higher hardness and bitterness levels could
have a negative impact on acceptability, especially if excessive.
In a similar finding, Ayyash etal.?® reported that no significant
differences were observed in creaminess, saltiness and sour-acid
among Akkawi cheese for the same storage period. The more
intense fermented flavor at week 6 of maturation is thought to
be associated with the increase of microorganisms during storage
that could lead to the formation of lactic acid along with other
organic acids. Papademas* and Kaminarides et al.>3 reported a
significant increase in acidic flavor of Halloumi cheese during
storage.

Hedonic evaluation

The lack of significant acceptability differences for salt levels indi-
cated that the original sodium and potassium differences as well
as instrumental textural differences did not translate into actual
acceptability differences among naive consumers, at least for
the 2-week samples. These findings are encouraging because of
their possible implications, i.e. the possibility of producing Akkawi
cheese with a 30% salt substitution with minimal to no effect on
acceptability. The results are also in line with those reported by
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Al-Otaibi and Wilbey,'® who noted that the overall acceptability
of white salted cheese was not affected by brining in solutions
with different NaCl:KCl ratios. Similar results were also obtained by
several studies' 72127 which reported no significant differences
between the acceptability scores of most sensory attributes of cot-
tage, Kefalograviera, Minas and Halloumi cheeses produced by
using NaCl and NaCl/KCl mixtures.

CONCLUSIONS

Salt treatment had a significant effect on pH, lactic acid, sodium
and potassium content of cheeses, and it also had a significant
effect on adhesiveness, chewiness and hardness of cheese sam-
ples. All tested microorganisms increased with storage but in
general did not differ between the salt treatments, specifically
between the control (100% NaCl) and (70% NaCl, 30% KCl) sam-
ples. Descriptive analysis showed that salt treatment had a signif-
icant effect on bitterness, crumbliness and hardness, whereas the
age of cheese had a significant effect on color and fermented fla-
vor attributes. The partial substitution of NaCl by KCI did not seem
to affect the acceptability of Akkawi cheese. However, additional
hedonic measurements over time could have assured a more com-
prehensive assessment of the acceptability of samples. The above
results of sensory, chemical, textural and microbiological analyses
suggest that a 30% substitution of NaCl by KCI (70% NaCl, 30 % KCl
brine), instead of the commercial NaCl brine currently used in the
cheese industry, is advisable; especially that a relatively moderate
brine concentration (100 g kg™") was used, which could have led
to a lower quality at an earlier time compared to the higher brine
salt concentrations usually used (120 g kg™' or even higher some-
times). To our knowledge, this the only study that has assessed
the shelf life of Akkawi cheese for a period of 8 weeks and that
included assessments of chemical, physical microbiological and
sensory parameters (descriptive and hedonic). Additional studies
on the shelf life of Akkawi and other cheeses are much needed,
owing to the major role that salt plays in cheese preservation, par-
ticularly in countries where standardizations are still in process. It
would also be interesting to study the effect of additional ingre-
dients on the perceived bitterness and the possibility of using
ingredients that would assist in masking this bitterness and thus
improving the acceptability of Akkawi cheese stored in NaCl/KCl
brine. The latest advances made in the manufacture of salt pow-
der that delivers the same salt intensity with less weight through
the production of salt microspheres needs to be investigated in
white brined cheeses. The issue of potassium intake of products
that have KCl substitution is of crucial importance from a public
health perspective and needs to be further investigated, especially
with respect to risk assessment of high intake of potassium.

ACKNOWLEDGEMENTS

The financial support by the National Council for Scientific
Research (CNRS, Lebanon) is gratefully acknowledged. The authors
would like to thank Omar Kebbe-Baghdadi and Dr. Amy Zenger
for their technical assistance.

REFERENCES

1 Alichanidis E and Polychroniadou A, Characteristics of major traditional
regional cheese varieties of East-Mediterranean countries: a review.
Dairy Sci Technol 88:495-510 (2008).

2 Tannous RI, Miscellaneous white brined cheeses, in Feta and Related
Cheeses, ed. by RK Robinson and AY Tamime. Ellis Horwood, Chich-
ester, pp. 208-228 (1991).

20

21

22

23

24

25

26

Borghese A, Buffalo Production and Research. Food and Agriculture
Organization Regional Office for Europe, Rome (2005).

Doyle ME and Glass KA, Sodium reduction and its effect on food
safety, food quality, and human health. Compr Rev Food Sci F 9:44-56
(2010).

Guinee TP and Fox PF, Salt in cheese: physical, chemical and biological
aspects, in Cheese: Chemistry, Physics and Microbiology. 1. General
Aspects (3rd edn), ed. by PF Fox, PLH McSweeney, TM Cogan and TP
Guinee. Elsevier, Amsterdam, pp. 207-259 (2004).

Johnson ME, Kapoor R, McMahon DJ, McCoy DR and Narasimmon RG,
Reduction of sodium and fat levels in natural and processed cheeses:
scientificand technological aspects. Compr Rev Food Sci F 8:252-268
(2009).

Guinee TP, Salting and the role of salt in cheese. Int J Dairy Technol
57:99-109 (2004).

World Health Organization, Reducing salt intake in populations. Report
of a WHO forum and technical meeting, Geneva (2007).

US Centers for Disease Control and Prevention. Sodium:
the facts. [Online]. (2010). Available: www.cdc.gov/salt/
pdfs/sodium_fact_sheet.pdf [12 December 2010].

Elliot P and Brown |, Sodium intakes around the world. Background
document prepared for the Forum and Technical Meeting on Reduc-
ing Salt Intake in Populations, WHO (2007).

Reddy KA and Marth EH, Reducing the sodium content of foods: a
review. J Food Prot 54:138-150 (1991).

Kilcast D and Angus F, Reducing Salt in Foods: Practical Strategies. CRS
Press, Boca Raton, FL (2007).

Hoy MK and Goldman JD, Potassium Intake of the U.S. popula-
tion: what we eat in America, NHANES 2009-2010. Food Surveys
Research Group Dietary Data Brief No. 10, September 2012. [Online].
Available: http://ars.usda.gov/Services/docs.htm?docid=19476
[22 September 2014].

He FJ and MacGregor GA, Beneficial effects of potassium on human
health. Physiol Plant 133:725-735 (2008).

Demott BJ, Hitchcock JJ and Sanders OG, Sodium concentration of
selected dairy products and acceptability of a sodium substitute in
Cottage cheese. J Dairy Sci 67:1539-1543 (1984).

Katsiari MC, Voutsinas LP, Alichanidis E and Roussis IG, Reduction of
sodium content in Feta cheese by partial substitution of NaCl by KCI.
Int Dairy J 7:465-472 (1997).

Katsiari MC, Voutsinas LP, Alichanidis E and Roussis IG, Manufacture
of Kefalograviera cheese with less sodium by partial replacement of
NaCl with KCI. Food Chem 61:63-70 (1998).

Al-Otaibi MM and Wilbey RA, Effect of chymosin reduction and salt
substitution on the properties of white salted cheese. Int Dairy J
16:903-909 (2006).

Karagézlii C, Kinik O and Akbulut N, Effects of fully and partial substi-
tution of NaCl by KCl on physico-chemical and sensory properties of
white pickled cheese. Int J Food Sci Nutr 59:181-191 (2008).

Reddy KA and Marth EH, Composition of Cheddar cheese made with
sodium chloride and potassium chloride either singly or as mixtures.
J Food Compos Anal 6:354-363 (1993).

Gomes AP, Cruz AG, Cadena RS, Celeghini RMS, Faria JAF, Bolini HMA,
et al., Manufacture of low-sodium Minas fresh cheese: effect of the
partial replacement of sodium chloride with potassium chloride. J
Dairy Sci 94:2701-2706 (2011).

Ayyash MM and Shah NP, The effect of substitution of NaCl with KCl
on chemical composition and functional properties of low-moisture
Mozzarella cheese. J Dairy Sci 94:3761-3768 (2011).

Ayyash MM and Shah NP, The effect of substituting NaCl with KCl
on Nabulsi cheese: chemical composition, total viable count, and
texture profile. J Dairy Sci 94:2741-2751 (2011).

Ayyash MM and Shah NP, Effect of partial substitution of NaCl with
KCl on Halloumi cheese during storage: chemical composition, lactic
bacterial count, and organic acids production.JFood 5¢i 75:525-529
(2010).

Ayyash MM, Sherkat MF, Francis P, Williams RPW and Shah NP, The
effect of sodium chloride substitution with potassium chloride on
texture profile and microstructure of Halloumi cheese. J Dairy Sci
94:37-42 (2011).

Ayyash MM, Sherkat F and Shah NP, The effect of NaCl substitution
with KCI on Akkawi cheese: chemical composition, proteolysis,
angiotensin-converting enzyme-inhibitory activity, probiotic
survival, texture profile, and sensory properties. J Dairy Sci
95:4747-4759 (2012).

J Sci Food Agric 2015; 95: 19401948

© 2014 Society of Chemical Industry

wileyonlinelibrary.com/jsfa

au Ag pouenoB e a1 YO 98N JOS3INJ 10§ ARRIGIT BUIUO AB]IA UO (SUONIPUOD-PUE-SULBILLIOD™AB| W ARG [BUI[UO//'SCIY) SUOIIPUGD PU SWLB | 81 39S *[7Z0Z/70/2T] U0 ARIqIT 8UIIUO A3 11A ‘NONYE T[N IH AQ 90692 S//200T 0T/10p/Lco" A3 |1 AR.q U |UO//SANY LLOJ) PApe0|UMOQ ‘6 ‘STOZ ‘0T00L60T




SCI WWWw.soci.org R Kamleh et al.

27 Kamleh R, Olabi A, Toufeili I, Najm NEO, Younis T and Ajib R, The
effect of substitution of sodium chloride with potassium chloride
on the physicochemical, microbiological and sensory properties of
Halloumi cheese. J Dairy Sci 95:1140-1151 (2012).

28 Wehr HM and Frank JF, Standard Methods for the Examination of Dairy
Products (17th edn). American Public Health Association, Washing-
ton, DC (2004).

29 Guinard JX and Cliff M, Descriptive analysis of Pinot noir wines from
Carneros, Napa, and Sonoma. Am J Enol Vitic 38:211-215 (1987).

30 Guinard JX, Yip D, Cubero EM and Mazzucchelli R, Quality ratings by
experts, and relation with descriptive ratings: a case study with beer.
Food Qual Prefer 10:59-67 (1999).

31 Lawless HT and Heymann H, Sensory Evaluation of Food (2nd edn).
Springer, Berlin (2010).

32 Carr JA, Munro PA and OH Campanella, Effect of added monovalent or
divalent cations on the rheology of sodium caseinate solutions. Int
Dairy J 12:487-492 (2002).

33 Kaminarides S, Stamou P and Massouras T, Changes of organic acids,
volatile aroma compounds and sensory characteristics of Halloumi
cheese kept in brine. Food Chem 100:219-225 (2007).

34 Litopoulou-Tzanetaki E and Tzanetakis N, Microbiological study of
white-brined cheese made from raw goat milk. Food Microbiol
9:13-19(1992).

35 Oner Z, Karahan AG and Aloglu H, Changes in the microbiolog-
ical and chemical characteristics of an artisanal Turkish white
cheese during ripening. Lebensm-Wiss Technol 39:449-454
(2006).

36 Kursun O, Kirdar SS, Keyvan E and Guner A, Microbiological quality of
white pickled cheese produced inn small plants in Burdur, Turkey. J
Food Agric Environ 9:110-112 (2011).

37 Hatzikamari M, Litopoulou-Tzanetaki E and Tzanetakis N, Microbiolog-
ical characteristics of Avenato: a traditional Greek cheese. J Appl
Microbiol 87:595-601 (1999).

38 Fleet G, Yeasts in dairy products. J Appl Bacteriol 68:199-211 (1990).

39 Ozer B, Atasoy F and Akin S, Some properties of Urfa cheese (a
traditional white brined Turkish cheese) produced from ovine and
bovine milks. Int J Dairy Technol 55:94-99 (2002).

40 Papademas P, Halloumi cheese, in Brined Cheeses, ed. by Tamime AY.
Blackwell, Oxford, pp. 117-136 (2006).

___________________________________________________________________________________|]
wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric 2015; 95: 1940-1948

85UB0 |7 SUOWILLIOD) SANIER.D) 3| [dde U Aq pauBAB 9.8 SOPIE YO 88N J0 S9N o) A1 UIIUO 43| 1M UO (SUOIPUOD-PUR-SLLLBIALIC" A3 1M ARR.q1 U IUO//SAIY) SUONIPUOD PUE SIS L U} 385 *[1202/70/LT] U0 ARiq1T8UIUO AB1IM ‘NONWVEZT- 4 VNIH Aq 9069°25S//200T 0T/10p/00 A IMARR1q 1 jBu JUO//SANY W1y papeo|umod 6 ‘STOZ ‘0T00L60T



